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ential alteral solidirication) <M-**M ^^*VaL, 4*£.3. #7] SLS^^^l ^*fl l-S^^o.^ « 

^€ MPGG(multipIe pulse grain growth) ^^.S. l^SHH. A oM SLSHM°fl ^1 

Wit t 9X^. 
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121 : SLS^S* #3 -83***1 ^^^Hl tfi* ^-rr*l J^a]*} a) a] 

123 : SLS «^*^4MPGG <&^SL^ ««W ^fl^aHS: #3133**3 #tf<1 #-Fr*) £. 

a)*}- ^ 

1.1 lwl Ol V- XI 
I *. I J ■■ I I I 

^H^l^fe t}*J*^ ^^slji .S.3:*, *1^#J1S ^¥1^ 

Aj- 7 ] ^E^fl^^E^ ^.^o]] cflsfl #*fl*] 44^ 3^, *_KE*l]*.2.3.Tr °}^-^ ^ 3 * (Amorphous Silicon) 

§3.^ 3* (Poly silicon)^*! 4**1^. ^ <d# (Insulate layer) -9- ^tt *I3* ^^(SiN x ), ^3* 
Si0 2 ), ^^^^(A^Og), e>^a>o1^ (TaOx)^ 0 ! ^-§-^1^. J^* (Passivation layer) ^l^tt -f-^ 4M^<8 
#^ JEEtt *<B#aM 4*S]JL, (Electrode layer) *-^-^r (Al) , H-f-(Cr). #3 «.« (Mo)ffi] 

°1* 3" J8.4:°l] k\^t *^#*1 (Deposition Apparatus) ^, ^3) fc) % (sputtering) ^l, Sj-*l-7l iJ**KChe 

mical vapor deposition) : CVD)#*| -§-§• *r-§-^H ^Ml 2) 4:^1^1 (Lithography) 7| #-gr 

Stir, ^-7] ^^^-^ #7j «V£.^#-gr f-eD ^lJ:^ 0 d-i: ^7l ^eflo]^^-o.5. ^^^1 

ZLZ]IL #7] TflolJEXj^ AJ-7] 4l^xi^ol]Ai ^efl9j^^-?-5. ^^>°1 

tc fe}^, «Voj- H ^^l^E^ ^^^1 AV^S>7fl oijEl^ oflH^^ ^ &*] ±*\ (Active matrix liquid cryst 

al display device : AMLCD)* % & ^^.8-4^ -§--§-€4. 
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o]E]^y ojj&l tipj)E^^ d^X-M^rte ^]^]u}-o]H(CdSe), ^£r€ 0 M-*1^ ^el^-(a-Si:H), §h] a. 3^ 

U-H^l ^^^(Pn y crystalline silicon : poly-Si) 0 ] A r *€ ^S^Ul^H* A]~g-^o.SM| ^ 

#3^1 (Solar cell) 5 * 7 ^ £*r*1]*H *r**l jL ^cf. 

£1 ^t^^el^t °l-8-*^V^ ^tfl £5=7} 350°C^i^l Al^ofl^ q«fl^ 

a^, -SMI 3. * r *=|i ^e]^l|HH°] o]^£(< 2ctf/Vsec)te ^H«S*litH3 u o v ^^l -2- 

?} ^-g-^fJI £*h JL^^S. ^.E^l^f- ^^Hr -7^ SI 5.^} (Drive circuitry) 4 ^.E^l ^ i>] ^ 
* <H 7(1 

a*. 4*3 te * r #s|^- Wa^/iEjol bJjMH l-^^^^^l 7}# €■ tffl* 20-550cnfA/sec ^£^1 

S* ^s*} 7 r *U fl^t Sol^r. 

^TilJL^r °l*.£fe HV^e^^^e^ ^^^H. °rl"^^ ^]^r^ 4 1 100«fl »«r^^. 

o]e^ *]-©)fe ^ ^^^(Grain)^-^ ^83X^1. a r «-s1 ^Sj^ ^ (defect) * A 

^ e H, #31-812)** ^H^# *MM ^Wi^^^Hi »<Zr oW^, 7-^1^ 11*1*7} 

^lel* «el*}3** S3* ^ *J-^* SPC^, MIC^, *M °H °1 *1 <H % <S Sl^K 

SPC(SoIid phase crystallization) *o Vl S* jI^^*^ iS-H, JL£r(600£.) <HM *Hir3^4l2j*# ^S^fe 
*^°14. °1 *«* aLtfolM «=Sfl-7r o^o^) riBS-ofl g^jfi HH| (micro -twin, dislocation...) °1 tf°M 

^S^J£7l- ^<>|x|^ t oj^ a.^*V7) JI-&(~1000i)^ ^-Stfl-Bf* Til o];e ^oinvo^ A>-g-^-r4. uJ-sH. i 0 00 

A o V 7l MIC (Metal induced crystallization) * ^^£^^5} ^ 0 f#^^S]^ 

^ *»a^.S.fe Bfl^l^(laser)l- Q l *=S*lBl7V 7 r ** r oJ 7-]7}^ *Bj7l*»^> 

^ Sfl7l nfl^ol] 7>^ ^^4^4^ -f^^l^K 

^f>] <%X\u]$]o]z] o]^ ^^(Excimer laser annealing method) 2-2. ^-^HSB^^&lfe- lOOcnf/Vsec 
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S^^-Slfe- -g-el^e]^ £3*)- ^7|o)l ^^s. *|£L (Silicon seed)S.-¥-B] ^5]#o] ijz^ 

^-H neflo] (grain)* ^* Stl^. ^^ch* ^(lateral growth)* 3-f°fl S £3^* 2 

~ ^ej^^^-g: ^ufl^ A^Vft JfL ofl^c.^. U-_g_ cg^o]]A-l^ (Super- cooling) °l] 3*11 «| ^ °1 ^^^1 *h 

a r*f 71 « e ^e]-^^ 3 30] y|-*t:-lel# %^r^ ^°J^>7fl «fl ^] ^1 ^ o{= *^ft^<q y^s 

^H^l>iEi(thin film transistor : TFT) ii*r# t 1 Sl^r. 

uj-eH -aaJS^S.^ £-3Lfe 33^* 7\ ^ £-^Hr 3*1*. ^ S^^Tfl afl^£l^c> ftcf. 

51 la 51 lc°fl 51<Mft «r^> ^^^1^(11)1- f^ilS ^^ X J- *rXI*lfe ^ e] ^3 ZLefl?J(i3)#* 

>ye)so_^ ^a^^ sMlHlJl, zj- ZlEfl°l(l3)l"g: a^|?l«f*D|el (grain boundary) (15)* $4}*rS*1 

C 

£A]ft tij-Sr 2*1, ^1*1 "J* *1**H 71* 0>*B|^21S* a 3 ** *M $W*r M c l^« 

^(nl^Al)^ pfi3(33)^ ^-<8*S(35)» |A5 ftc}. 

7l*(31) ^Ml A cM ^ <S 3^(35) # ^l^Al^l J7 f -y-7l ^^^13(35) '*cH fl*H5Qck °1 "fl, A oM 

(33) eflol^*U(37)* ^f^^l sl^ a o v 7 i ^d) # 7 ) p r ^aLnfl^o]l icfe}. ^HM! ^1^. -SM 0 Ja>^ 5) 

* -S-71 ^3!^(35)-& 3fl€°l 4-6^ ^^l^H 7l«-jM Aj. 7 l pjAfl p r ^aL2fl^icfl5. ^e]^ ^£r# 

ol "fl, ^^^^1^ »Bl-8el*^ ri2l]^fil -8** eflol^ajetl £<J4 oflui^l^^sf 7]*^ -^^^ ^zHr 51*11 2\n *\) 

12 ell ^ 371P+ oflui^l "^o) Ci^- AV^]e) ^^sf^, ^el^ ^^^1 tflft oJli|^^5Efe 47H <g<2?Jl5. 

( M-¥<>1 ^ 



ofluixl^S. ^^^.5. spf ^^€-^-^i Vo l ^-^1 ^ ^^(Low energy density regime- Partial meltin 
g regime), ^el^S] °J^f ^JL i+H^l ^&1^^ ^^l^l ^tt ^r^ ^S^^l 7>^ ^ ^ (Near complete 

melting regime), SL ^l^i^l^S °J ^e]§- yj-^ol ^^1^^] ^-^ ^ ^ (Higyh energy density re 

glme - complete melting regime) ±3. ^ ^ 9X^, A o V 7l *\ oflM^l ^S. ^^^^ ^H*]?} ^ €r ^ 

^Eflol^, ^.^1 s]^f 4J^^#^1 ^HS^-El ^^}^^ol <a^u}A-] n^o}^ 2j^ol Hl^l^o] nl-c 

^1^.^£ ^^<>14. 



nslJL, ^71 %V*J Tfl^ofl 7^ r * ^^(Near complete melting regime)^ ^e]^^^^ ^1 

°l l[ ll, A cM 4!:^ ^^cfl^l °HM^1» *r*^rfe- S^l^e]^ H o V ^-i- SLS (Sequential lateral solidification) 

«J-^oiej-^>j7 ( av 7 | pj.^^^cg^ofl 7}v}-$: oi]ui^cfl# AV^.§f^. ^el^e]^ £33* #11* MPGG (multiple 

pulse grain growth) ^ ^ Sf °1 S]- ft4. 
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°)4, SLS a^ft*^* A oM H 2« -8*8*4. 

£ A]t> 44 Qo], 7]#(31) A oHl all «1 3*1 S3 fl^* 4^H(33)4 A o v 7] 4^H(33)3 3fl^-§: ^4°* 

°)4 7 J-£ t 1 ^* #3-33* S'S* 4^-1: -Bfl*^. «*l A cM eflol^l* (37)* ^r^EHl ^^fi 

^1*14. 

4*^-3., 4^3(33)1- **JH A cM 7]*(31)fl 6 H U4 ^Efl# ^3*1:4. 4*-2-3. M« 

^(35)* 4 s /im^l « 7>^! %^#4. 

4*£.S ( X-Y^3M4 o]*fl v-o| 7l*(31)<>] -H*L/fln/«;£:3. eflolx-]«i61] ^sfl ^^3}-7> o^o^cf, 

3E. 3* A J-7] efloi^w}^ 4^4^ 4394 "M4#* ^^m. 

^ 5o] t ^ej-^l 4 #^(A,B.C)-i- A J-7] elM*HJ4 ^#4^ 4314 -f-*fl 41-^ 

i-el^el^A^. ^4 ^ ol ufl <a*>ic*(45)^^fe- 3M4 W J4 ##4 4^.^*1 eflol^^J 

ifl^l ^S^^o] «<H4n*iHH «V*clH)(4i)7> 3^€4. 01 nn ojm^i ^£fe*le]*«l-44 ^# 

* 43^°! *1tt 4*44. (331 ^ ^^7lel)x2«ll J±4 ^-E-4. 

24 ic*(47)°IH*r ^-7] 1 4 MM-M *8^€ <3^*IW ^#€4. 

ne)44 N4 ^. ^p^^H ^34^ 1-3-33^* #^(A,B,C)^>^1 ?]*\ ^ ^-efl^](43)ol <3^r ^#40} 

44 sls ^a^sj-U-^* <a sJ^'S ^oi^^jo] 3L A ].6)| zi^ojo] a} 0)^7} ^ t-el^iej 

t «4. 

444, A <M SLS*4°il 4«H °-34 £4*1 ol*£7F s^vf s.^ #fe4. 

4. 

#7) SLS1M4 ^-el MPGG^- 0 -^- ^}-8-^^ iflol^H* H7l^ ^ mni^ 3711; 7>*H i ol-g-^H ^^^-fr ^« 

°1 ^0^^^- ^ f-°J: 4^^ ^lHf ^^0.5. zleII^o) ^^4. 

A o v 7l MPGG ^^8- A o v 7l SLS «o v ^°U *M ^QS) H7]<H1 <H^s. ^R^l 5UiL4. ^^ A l^°l S14. 

44^1. f^^lHl^ ^fls 0 j^^] ^^sl^ WB^^liE^ ojjej^^-i- -7^^- ^^cfl^ a o v 7 ] sls^^HI £\n «^ 

^[Sl^* ^^*>J1. #7l ^^0171^^ ^)-4i-^<Hl ^^14^ ^ V 4H^^1^E14 ^ElMf 1 ^: ^7l MPGG^ * 4-§-4°i 

ol*KJ£4» %^4°i ^2fl4 ^4^?H^1^^^ ^eflo)7l^sl ojjnm^ ^^ ti o v ^*- ^4^4. 

4fe <HElM7l#4 Sl-rii^^ofl ^^El^- ^4H^l^£l4 ^ A ^H,^7| 7floie^ sls.«.(63)4 cflolE) =f 

§-^S.^-(65)fe 44^1 H^H 5l^-^_H.(69) (PCB) ^1 «a^£l<H ^^^Jl* ^4. 

°14 7 Eh8r ^^Ml, A o V 7l THlolE T^.S)S4 cflolEi 4# ^^l^ 1 ^-^ 0 1 ^^€4. 
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O.S., -tfl^ ^*}<>1 3j£r. ifl^) ^*>ir 9-^*Rr SKtaflf^l El (mobility) *} # 

sn -§-wa°i 

1HK2..3. »fM ^ 100-120cnr7Vsec^ ^H^ 1 ^ ^ Sfl&^k 

*Mi*?!: i^l c]^H7l- ^7fls>7]l jat}. 

H 5fe SLS » 0 V*M] <^fl l-sj^el^fi.) I^f M-Efiflfe a>^1o]cK 

J£A]^ ^°], SLS ^5]- a o V ^ ^^4^! f-Bl-tiSlS-Sl ^l^-gr^l iflofl ^^-(low angle defect) (51) *1 

A>o]^ 7}|^0fl^ £*W tB«- ^ej^^7> U-Wi}. ^ oi*s, 

*lzb<*\ S-U^E] (Mobility) 7} ^S>S|D^ f 4,7>^ ^eAjcfl gb. ^j^o] ^t}-. 

^71 SLS ^^-5- ^^Sl-Sl^ #e]^5]^0_5. ^^^1 o1}e|h.^o. ^E^^l^E^ i^^l ^H^- ^tiV^j 

°J ^s^i^ElbJ o): 2 yfl 7}^ m}^ 4rS.°]x\r& t ^ ^# 7|)^lV ^^_7|- oicf. 

V! *a =>1 7 U '-.s! 



4 * 2 7V^1 7]^ #wl*Hr c>^]^ ; a o V 7 ] 7 |^o] ^^cj] o>a.^^ ^e]^-# ^>>#^^ -a^*^-* 

^*Hr ^Sb; A o V 7l 7]^^ ^1 1 <£<*^£] 4^3^^ ^e|^^-ofl <£x\ ig ^ <^ (complete melting regime)^^ °fl 

^71 of-S-i^ 7l^ ^^^^ ^^^^ 6flul^l«S.* A*\$r ofl^^lSJ-a- 
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-g- #7j 7^3^ °J<*<^ °jj E |Hf^ ^ SLS *o v ^ l-e]^el^AS. « 3**1-31, SLS<8«i* 

3L^t}^ r+A] MPGG *HJ-«H S^fl-^H A cM SLS *<M <L5. #^-3 el §3 £^7jig-^ 

cf-g-A^, -y-7] SLS^-^.^ ^SHa 3£^Hr -tt2l**°l 7l«:(lll)Sj *i <a ^ (b) -§- mpggU- 

tij^ti*! 2^<3<3* MPGG *7l SLS ^.£.3. -¥-**|-*l W^o) g 

°M, #7] MPGG «<M^r 7}-^ <8*»tfl<*) oflui^l ^ efl^l^SJ* ^-&-^}7) nfl^l, AJ-7I SLS 

j£Al*v 44 £o] ( ^g]]54^ ^el nefl<a(125)^°fl 4*iS7}- ^sl^l #ji oi-g-* + 01 cf. 
PGG a o v ^* A>-g-eH. 7fl S=8fl-« f-^-ael^ H-^el^i- tijjEtvq-. 

£a]^ = ^<d(l2l)-& 7]^o] SLS ^^«j-igofl o^sfl i-&l^e|ef^l asq-am sai* ^o]j 1> 

& W-^^) tc|-2j- SLS *<H44 MPGG^^i ^^^H ^a^** ^4 St# £a]^V 7J0I4. 

S.«je]El^ tfl^- °1*^H ^ Stt^. ^211^ SLS a=fl*« ^ ^ 

S-^#<3-£ ^ ojifl^ S.«Je)e]^- i07cnf/sec^l ^Si^. * 4e> ^^^^5. 7fl 

7>^ ^ 4^ <asi^ 
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dV^lt-l- SLS ^^sf ^^^1- MPGG ^% <£^^ <4-§-^W ^^fl-^ *S^*H, ^1?] 

t}Hl ^^H7f ^4W*1 #e)^el^- ■fl-Hifl** ^^^^1, S-UbJeJI- 7^ « t Sl^r 

(57) -y-V-ftl 

^*o v 1. 

7]^ ^ofl 0}-^rV\+ ^fil^-i: °>l-2l^ ^H-l-^-lr S^fe 3-^]^; 

^•7] 7]^ 4] 1 ^sjtfs) o ^^Hl (complete melting regime) tfl^ ^lM^i 7^^ 

^■7] 7|^ 4| i 5J 4| 2 A oH] zj-zj- #7] #e]^e]^ #7] oj-#^^ ^e]€-^H) t]°] ^^^^ <3 

^cflo] oflu|^l^j£# 7H^ ofl u| *] ij] * a4oH ^-7] 41 i <3*H #a)-a^|*^* 7fl £33**1-31, -5M * 2 

#41 

2. 

^1 1 f^^^ ^, -*7l 7fl i 7r*]*T eflojx^^- 2z*W*\ t 

^} 41 1 tel-aeie* *H«3# « 4] 2 ^€ ^3*1^4; 

oJj^H^-t- ^^]S>fe 41°|J=#^ 

.v.v! 
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Summary 

The present invention relates to a thin film transistor array 
substrate using polysilicon as an active layer. In the array 
substrate constituted of a drive circuitry area and a pixel 
area, the TFT active layer to be formed in the drive 
circuitry area is formed through a sequential lateral 
solidification (SLS) method. Thereafter, the whole area of 
the substrate, part of which is formed into polysilicon 
through the SLS method, is crystallized through a multiple 
pulse grain growth (MPGG) , thereby removing the defects in 
the polysilicon surface formed through the SLS method and 
thus providing a liquid crystal display device having a high- 
speed switching operational characteristic. 

Representative drawing: Figure 8 

Speci fi cation 

[Brief Description of the Drawings] 

Figs, la to lc are schematic plan view explaining a common 
mechanism for forming polysilicon. 

Fig. 2 shows a perspective view of an optical system for 
polysilicon crystallization using excimer laser. 
Fig. 3 is a plan view showing a silicon crystallization 
process . 

Fig. 4 is a schematic plan view of a polysilicon liquid 
crystal display. 
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Fig. 5 is an enlarged photograph showing the surface of a 
conventional polysilicon layer crystallized through an SLS 
method alone. 

Fig. 6 is a schematic plan view of a TFT array substrate 

having an active layer according to the invention. 

Fig. 7 is an enlarged photograph showing a polysilicon layer 

according to the invention where it is re-crystallized 

through an SLS method and a MPGG method in sequence. 

Fig. 8 is a graph showing a relationship between voltage and 

current in a conventional polysilicon layer and a polysilicon 

layer crystallized according to a method of the invention. 

* Reference numerals in the drawings 

121: Solid line showing a relationship between threshold 
voltage and current in a polysilicon layer through an SLS 
crystallization method. 

123: Dot line showing a relationship between voltage and 
current in a polysilicon layer re-crystallized through an SLS 
crystallization method and a MPGG method in sequence. 

[Detailed Description of the Invention] 
[Object of the Invention] 

[Background of the Invention] 
The present invention relates to a method of fabricating a 
TFT array substrate, in particular, to a method fabricating a 
TFT array substrate having an active layer, which is formed 
of polysilicon. 
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In general, a thin film transistor (TFT) is formed in 
multiple layers and composed of a semiconductor layer, an 
insulation layer, a passivation layer and an electrode layer. 

Each element of the TFT is explained in greater details. The 
semiconductor layer employs amorphous silicon, polysilicon, 
or the like. The insulation layer employs a silicon nitride 
layer (SiN x ) , a silicon oxide layer (Si0 2 ) , aluminum oxide 
(AI2O3) , tantalum oxide (TaO x ) , or the like. As the 
passivation layer, a transparent organic insulation material 
or an insulation material is used. The electrode layer is, 
in general, formed of a metallic conductive material such as 
Al, Cr, Mo, or the like. 

The material for these elements are deposited in the formed 
of a layer using a deposition apparatus such as a sputtering 
apparatus, a chemical vapor deposition apparatus (CVD) , or 
the like, and then a lithography technique is used to thereby 
form each element. 

Among the above-formed layers, the semiconductor layer acts 
as a conductor channel where electrons flow, and the 
electrode layer is comprised of a source electrode, a drain 
electrode, a gate electrode. Here, the source electrode 
serves as a means for applying a signal voltage to the 
semiconductor layer. 
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In addition, the source electrode functions to discharge the 
signal voltage to the drain electrode through the 
semiconductor layer . 

Furthermore, the gate electrode acts as a means for switching 
the current flow into the drain electrode from the source 
electrode . 

Therefore, the TFT can be used as a switching device, and can 
be applied to a switching element for an active matrix liquid 
crystal display device ( AMLCD) . 

Such an AMLCD has been successfully developed by using a TFT, 
in which cadmium selenide (CdSe) , hydrogenated amorphous 
silicon (a-Si:H), poly crystalline silicon (poly-Si) are used 
as the semiconductor layer. 

In this way, among the materials to be used as the 
semiconductor of a TFT, the amorphous silicon can be treated 
through a simplified process at lower temperature, and thus 
has been utilized in fabrication of a large area device such 
as solar cells. 

In addition, a manufacturing process using amorphous silicon 
can be performed independently through a low temperature 
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system where the maximum temperature is around 350°C, thus 
leading to a convenient fabrication. 

Practically, however, a low electron mobility (<2cm 2 /Vsec) 
within amorphous silicon acts as an impediment to the 
switching characteristics of TFT. In addition, it is 
difficult to integrate the TFT with a drive circuitry, which 
provides a high speed control of the TFT. 

In contrast, a TFT using polysilicon as a semiconductor layer 
is suitable for the active matrix liquid crystal display 
device . 

The TFT manufactured using polysilicon necessitates a new 
treating step, but, as a switching element within the active 
matrix liquid crystal display device, has a response speed 
several times faster than the amorphous silicon. 

In addition, as compared with the widely-used amorphous-TFT, 
the most important advantage of polysilicon is that it has a 
high field effect mobility of 20~550cm 2 /Vsec . 

The field effect mobility determines the switching speed of a 
TFT, which is hundreds times faster than the amorphous 
silicon . 
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This difference is because the polysilicon is composed of 
plural grains, and has fewer defects than the amorphous 
silicon . 

Thus, the polysilicon is expected of as a switching element 
for a next generation LCD having a large area screen, and 
also an element capable of integrating a drive circuitry. 

A method of crystallizing such polysilicon is exemplified by 
a SPC method, an MIC method, an excimer laser annealing 
method, and the like. 

In the SPC (Solid phase crystallization) method, amorphous 
silicon is crystallized at high temperature (600°C). In this 
method, since the crystallization is performed in solid phase, 
the grain comes to have many defects (micro-twin, 
dislocations...) to thereby lower the crystallinity . In order 
to solve this problem, a thermal oxidation layer of high 
temperature (-1000°C) is used as a gate insulation layer. 
Thus, it has a disadvantage that an expensive material such 
as quartz capable of sustaining the high temperature of above 
1000°C must be employed. 

In the MIC (metal induced crystallization) , a metal is 
deposited on amorphous silicon and heated to crystallize the 
deposited amorphous silicon. At this time, the metal 
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functions to lower the enthalpy of amorphous silicon being 
crystallized. 

Thus, a lower temperature processing of around 500°C is 
allowed, but the surface state thereof is degraded and the 
metal causes degradation of electrical properties. In 
addition, this method is a solid state crystallization and 
thus the grain comes to have a large amount of defects. 

An alternative method using a laser is known. In this method, 
a low temperature processing is allowed and a low cost glass 
substrate can be used, thereby reducing the manufacturing 
cost therefor. 

In particular, a TFT manufactured through the excimer laser 
annealing method has a mobility of above 100cm /Vsec and thus 
provides a good operational characteristic of device. 

In the above-described methods, at the initial state of 
crystallization, liquid silicon is cooled through a silicon 
seed, thereby enabling to obtain quality grains. In case 
where the silicon is laterally growth, a larger grain can be 
achieved. 

In general, if the spacing between the silicon seeds is 
larger than the maximum growth distance of the silicon grains, 
the silicon crystal to be laterally grown is grown into its 
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maximum size, and the remaining liquid causes super cooling 
to create nuclei, which leads to smaller grains. However, if 
the seed spacing is smaller than the maximum growth distance 
of the silicon grains, a lateral growth is caused centered on 
the seed and thus each grain forms a grain boundary to 
thereby form a polysilicon film of large grains. 

As described above, in order to obtain a thin film transistor 
(TFT). . of good capacity, large silicon grains must be 
uniformly arranged on a substrate while having a boundary. 

Therefore, the silicon seeds are to be uniformly distributed 
with a spacing as large as possible, but less than its 
maximum growth distance. 

As shown in Figs, la to lc, silicon grains 13 to be laterally 
grown from silicon seed 11 performs a lateral growth towards 
a liquid silicon, and each grain 13 completes its grain 
growth, forming a grain boundary 15. 

Here, the conventional excimer laser crystallization is 
described . 

Fig. 2 shows a perspective view of an optical system for 
polysilicon crystallization using excimer laser. 
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As shown in Fig. 2, in order to crystallize amorphous silicon 
deposited on a substrate using a laser beam, briefly, a laser 
beam device (not shown), a mask 33 and a projection lens are 
required . 

The projection lens 35 is placed on the substrate 31, and the 
mask 33 is placed on the projection lens 35. At this time, 
if a laser beam 37 is projected on the mask 33, the laser 
beam is incident conforming to the mask pattern. The 
incident light is scaled down 4-6 times through the 
projection lens 35 and performs crystallization of silicon 
according to the fine mask pattern on the substrate. 

Here, the grain growth in the crystallized polysilicon can be 
controlled through the pattern and energy density of the 
laser beam, and the temperature and cooling rate of the 
substrate. 

The relationship between the grain size and the energy 
density is more specifically explained, dividing the energy 
density into three regimes with respect to the grain of 
silicon film. 

That is, a lower energy density regime, where the lower 
silicon film is not melted, a near complete melting regime, 
where the silicon is completely melted, excepting part of 
silicon seed at the lower silicon, and a high energy density 
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regime, where the silicon film is completely melted including 
the lower interface thereof. In the lower energy density 
regime, the melting depth of silicon is less that the 
thickness of the silicon, and a vertical growth is caused 
from the un-melted seed at the lower silicon layer such that 
the grain diameter is less than the film thickness of the 
semiconductor layer . 

In the near complete melting regime, most of the silicon film 
is melted, excepting part of lower silicon seeds in the 
semiconductor layer, and a lateral growth can occur from this 
seed. 

Here, the polysilicon crystallization method using energy in 
the high energy density regime is called a sequential lateral 
solidification (SLS) crystallization method. The polysilicon 
crystallization method using energy in the near complete 
melting regime is called a multiple pulse grain growth (MPGG) 
crystallization method. 

Hereafter, the SLS crystallization method is explained, 
referring to Fig. 2. 

As shown in Fig. 2, the mask 33 for forming a laser beam 
pattern on the substrate 31 and the projection lens 35 for 
scaling down the mask 33 patterns, and exposing- light on the 
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substrate 31 are prepared and then a laser annealing is 
carried out. 

The crystallization process using the above-described 
construction will be explained, First, the laser beam is 
uniformed using an appropriate means. 

Next, the beam shape to be formed on the substrate 31 through 
the mask 33 is determined. Then, a beam having a width of 
several micrometers is formed through the scale-down 
projection lens 35. 

Thereafter, while the substrate 31 placed on an X-Y stage 
moves on the order of submicron per pulse, crystallization is 
performed by the laser beam. 

Fig. 3 is a plan view showing a mechanism for crystallizing 
amorphous silicon using the laser beam. 

As shown in Fig. 3, amorphous silicon is exposed to the 
laser beam pulse through each discrete slit A, B, C and 
crystallized into polysilicon. At this time, during the 
primary exposure 45, a lateral growth occurs from a solid 
seed of both ends of the laser beam towards liquid silicon 
inside the laser beam to thereby form a boundary 41 at the 
intermediate thereof. At this time, the energy density in 



2001-0087667 13 

the high energy density regime is used and the beam width is 
made to less than two times of maximum growth distance. 

During a secondary exposure 47, the grains formed in the 
first exposure continue to grow. 

Thus, after n times of exposures, the polysilicon 
crystallized through the lateral growth continues to grow as 
much as the spacing of the slits A, B, C to form grains 43. 
In addition, the regions where the slits A, B, C meet 

* 

correspond to grain boundaries 41a. 

As described above, in the SLS crystallization method, a 
laser beam is continuously radiated in one direction, thus 
enabling to form a polysilicon having a large size. 

Thus, an active layer manufactured through the SLS method has 
a good charge mobility. 

In the MPGG method, laser is used to form polysilicon, and 
silicon is melted except for seeds and re-crystallized. 

Dissimilar to the SLS method, a laser beam used in the MPGG 
method has a size of several millimeters, and while silicon 
is melted and re-crystallized through this laser beam, grains 
are grown from plural- seeds. 
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As compared with the SLS method, the MPGG method has a 
certain limitation in the grain size, but has a faster 
process time. 

Thus, conventionally, in case of fabricating an active layer 
of a TFT formed in the drive circuitry, the SLS method is 
used to form polysilicon. The MPGG method is employed to 
form polysilicon, in case of an active layer of a TFT placed 
in the pixel region of the array substrate. 

Hereafter, a conventional method of forming an active layer 
of TFT array substrate is explained, referring to Fig. 4. 

As shown in Fig. 4, in the polysilicon type liquid crystal 
display 61, a switching element of a gate drive circuitry 63 
and a data drive circuitry 65 is formed simultaneously with 
the TFT to be formed in the pixel region of the array 
substrate. The gate drive circuitry 63 and the data drive 
circuitry 65 are connected to a single PCB 69 to thereby 
receive input signals. 

In the above-described construction, the gate drive circuitry 
and the data drive circuitry require a fast switching 
characteristic . 
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In general, the operation characteristics of a switching 
element are relied upon mobility of the semiconductor layer 
constituting the switching device. 

That is, a fast mobility of the semiconductor layer enhances 
the operational characteristic of the switching element. In 
contrast, a slow mobility of the semiconductor layer degrades 
the operational characteristic of the switching element. 

Thus, conventionally, for the pixel region B of the LCD panel, 
the MPGG method 'capable of forming polysilicon in a short 
period of time is utilized to form an active layer. For the 
active layer of each drive circuit area A, the SLS method is 
employed to grow the grain size in one direction, thus 

2 

achieving a switching speed of about 100-120cm /Vsec . 

However, the polysilicon crystallized through the SLS method 
can be made to have a large width of grain, but in contrast, 
plural defects are formed in the surface thereof during 
crystallization . 

Fig. 5 is a photograph showing the surface of a polysilicon 
layer crystallized through the SLS method. 

As shown in Fig. 5, polysilicon crystallized through the SLS 
method has low angle defect 51 within the grain boundaries 
thereof . 
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The reason for the defects is that, after silicon is melted 
and the laser beam is cut off, heat of the ' silicon is 
discharged through the lower substrate. 

In this way, by means of a cooling process, the silicon 
initiates its crystallization, and in particular, the grains 
near the surface experience an abnormal growth due to the 
abrupt cooling. 

The polysilicon having the above surface state subsequently 
goes through a lamination process of an insulation layer. 

At this time, since the insulation layer is deposited on the 
polysilicon layer having plural defects, a trap level for 
electrons occurs., due to incoherency generated in the 
interface between the polysilicon semiconductor layer and the 
insulation layer. For this reason, the mobility of electrons 
flowing in the surface of the polysilicon layer is 
significantly degraded, and thus the operational 
characteristic of elements is limited. 

The thin film transistor including an active layer, which is 
formed of polysilicon crystallized through the SLS method, 
has a switching speed around two times faster than a common 
type polysilicon TFT. However,., there needs to further 
improve the switching speed thereof. 
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[Technical Subject to be Solved in the Invention] 
Therefore, an object of the invention is to provide a method 
of a polysilicon type liquid crystal display having a 
semiconductor layer, which is formed of a polysilicon film 
having an even micro-surface. 

[Construction and Operation of the Invention] 
In order to . accomplish the above object, according to one. 
aspect of the invention, there is provided a method of 
forming a semiconductor layer of an array substrate for a 
liquid crystal display device. The method comprises, steps 
of: preparing a substrate having a first region and a second 
region; forming an amorphous silicon film by vapor-depositing 
amorphous silicon over the entire surface of the substrate; 
forming a polysilicon film by radiating on the amorphous 
silicon film of the first region a laser beam having an 
energy density in a complete melting regime; and by radiating 
an energy beam having an energy density in a near complete 
melting regime on the polysilicon and the amorphous silicon 
film placed respectively on the first region and the second 
region of the substrate, re-crystallizing the polysilicon 
film formed in the first region and growing the amorphous 
silicon placed in the second region from the seed to thereby 
form a polysilicon having a plurality of grains. 
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According to another aspect of the invention, there is 
provided a switching element comprising: an active layer 
formed of a second polysilicon re-crystallized from a first 
polysilicon, the second polysilicon being formed in such a 
way that, after forming the first polysilicon by radiating on 
amorphous silicon having a seed a laser beam having an energy 
density of a complete melting density regime capable of 
melting the seed, the first polysilicon is re-crystallized 
into the second polysilicon by radiating a laser beam, having 
a relatively weak energy density on the surface of the first 
polysilicon; a source electrode and a .drain electrode forming 
a channel of the active layer; and a gate electrode switching 
the active layer. 

In the present invention, the active layer in the drive 
circuitry areas is first crystallized using the SLS method, 
and then the whole region including the SLS region is again 
crystallized using the MPGG method, thus removing the surface 
defects of the polysilicon formed through the SLS method and 
consequently further improving the switching speed. 

Fig. 6 is a schematic plan view ■ of a TFT array substrate 
having an active layer according to the invention. 
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radiates a laser beam having an energy density of a high 
energy density regime. 

Next, a MPGG method is employed to re-crystallize the entire 
region B of the substrate 111 including a silicon layer 
having polysilicon, which is crystallized through the SLS 
method. 

That is, the pixel region of the LCD panel is crystallized 
through the MPGG method, and simultaneously the crystallized 
region by the SLS method is re-crystallized. 

At this time, since the MPGG method uses a laser beam having 
an energy density of the high density energy regime, the 
surface of the polysilicon crystallized through the SLS 
method is melted to a certain depth and re-crystallized. 

Here, the surface of the re-crystallized polysilicon is .free 
of the above defects, which otherwise exists within the 
grains in the conventional one. 

Fig. 7 is an enlarged photograph showing the surface of a 
polysilicon layer in each drive circuitry, which is re- 
crystallized according to the method of Fig. 6. 

As shown in Fig. 7, the grains 125 are free of defects, 
dissimilar to the conventional ones. 



2001-0087667 



20 



Therefore, it can be understood that the semiconductor layer 
of the invention has significantly fast charge mobility, as 
compared with the conventional technique. 

Hereafter, referring to Fig. 8, the mobility of polysilicon 
is compared, in case of a polysilicon layer crystallized 
through the SLS method alone, and a polysilicon re- 
crystallized using the SLS method and the MPGG method in 
sequence . 

Fig. 8 is a graph showing a relationship between voltage and 
current in a P-type polysilicon layer according to the type 
of crystallization method. 

In the graph of Fig. 8, the solid line 121 indicates 
resultant values of a polysilicon layer crystallized through 
the conventional SLS method, and the dot line indicates 
resultant values of a polysilicon layer re-crystallized using 
the SLS method and the MPGG method in sequence according to 
the present invention. 

The mobility can be obtained through differentiation of the 
current value with respect to the voltage. In case of the 
polysilicon layer crystallized through the conventional SLS 
method,, the threshold voltage for driving the polysilicon 
layer was about -3.3V, and at this time, the mobility was 
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about 107cm 2 /sec. The threshold voltage for driving the 
polysilicon re-crystallized according to the invention was - 
1.7V, and at this time, the mobility was 145cm 2 /sec. 

Therefore, it has been concluded that a switching device, 
which includes a polysilicon layer re-crystallized according 
to the invention, can be driven at lower voltage, dissimilar 
to the conventional one, and can have a fast switching 
characteristic . 

[Effects of the Invention] 
Thus, in the polysilicon type TFT liquid crystal display 
device according to the invention, the semiconductor layer in 
the gate drive circuitry and the data drive circuitry is 
formed of a polysilicon, which is crystallized using an SLS 
method and a MPGG method in sequence, thus forming a 
polysilicon semiconductor layer free of defects within the 
grains thereof. Therefore, a driving circuitry having a high 
mobility can be achieved. 

In addition, due to the above fast operational characteristic 
of the drive circuit, the current drive capacity of the pixel 
switch can be enhanced. 

Furthermore, it is advantageous in a liquid crystal display 
device having a high opening rate and .a large area. 
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(57) Claims 

1. A method of forming a semiconductor layer of an 
array substrate for a liquid crystal display device, the 
method is characterized by comprising steps of: 

(a) preparing a substrate having a first region and a 
second region; 

(b) forming an amorphous silicon film by vapor- 
depositing amorphous silicon over the entire surface of the 
substrate; 

(c) forming a polysilicon film by radiating on the 
amorphous silicon film of the first region a laser beam 
having an energy density in a complete melting regime; and 

(d) by radiating an energy beam having an energy 
density in a near complete melting regime on the polysilicon 
and the amorphous silicon film placed respectively on the 
first region and the second region of the substrate, re- 
crystallizing the polysilicon film formed in the first region 
and growing, the amorphous silicon placed in the second region 
from the seed to thereby form a polysilicon having a 
plurality of grains. 

2. A switching element is characterized by comprising: 
(a) an active layer formed of a second polysilicon re- 
crystallized from a first polysilicon, the second polysilicon 
being formed in such a way that, after forming the first 
polysilicon by radiating. on amorphous silicon having a seed a 
laser beam having an energy density of a complete melting 
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density regime capable of melting the seed, the first 
polysilicon is re-crystallized into the second polysilicon by 
radiating a laser beam having a relatively weak energy 
density on the surface of the first polysilicon; 

(b) a source electrode and a drain electrode forming a 
channel of the active layer; and 

(c) a gate electrode switching the active layer. 
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